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1. Introduction 
Ceramic vacuum chamber walls are useful for fast-cycling accelera­
tors (e. g. DESY), or for regions where rapidly changing magnetic fields 
are required for other reasons such as for injection. Dielectric layers on 
a metal wall have further been proposed as a means of compensating 
the negative mass instability [1]. In order to avoid charging of the sur­
face it is preferable to use a very thin metallization on the inside of the 
dielectric. 
In this paper we derive exact expressions for the fields and self-
forces due to a particle beam oscilllatlng coherently. We assume a simp­
lified geometry of a cylindrical beam in a coaxial chamber consisting of 
several layers (Fig. 1) characterized by three material constants: per­
meability μ, permittivity ε, and conductivity σ (or loss tangent δ). The 
results are expressed in terms of the dispersion relation coefficients U 
and V [2,3] which facilitate calculation of beam stability. 
2. Longitudinal oscillations 
We start with the wave equation for the longitudinal electric field 
component, from which one can derive the other field components in a 
system with rotational summetry. In the beam region we find fields of 
the form 





is a radial propagation constant. In the i-th layer we get 
the solution as superpositions of the modified Bessel functions I0 and K0 
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of argument νir. The propagation constant νi is in general complex and 
is given by 
νi=k√1—β2ε'u 









=ε(1+i tan δ) 
for metal or dielectric material, respectively. There are two coefficients 
in each region except the outermost, where we may only use K0 and 
thus need only one coefficient. The boundary conditions require matching 
of the tangential field components at each interface. We thus have 
2(j-1) conditions for j regions. and 1+2(j—2)+1 coefficients, which 
allow unique determination of the required coefficient E1. 
By eliminating coefficients successively we derive a function Y(τr), 
which is essentially the Ez dependence in the vacuum region adjacent 





τb ks0 Ι0Υ'-I1Y 
The average force acting on the beam becomes. 





τb kε0 I1Υ-I0Υ' 






3. Dielectric Wall 
The general algorithm indicated above has been programmed for 
computer solution |4|. In the long wavelength limit (kb<<1) we may 
replace the modified Bessel functions by their small argument approxi­
mations, and find simple expressions for not too complicated geometries. 
For a ceramic wall extending to infinity we find thus 
U= Ne
2k [ 1 ( 1 +2ln b )+2(β2 — 1/ε) ln |νa|] 4πε0 
γ
2 2 a 
V= 
Ne2k [π(β2—1/ε)—2ln|νa| tan δ ] 4πε0 ε 
where |νa|=ka√β2ε—1<<1. 
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The first term in V is due to Cerenkov losses, to which the Ohmic 
loss term adds as ln|νa|<0. If the wall does not extend to infinity, but 
is bounded by a perfect conductor, Cerenkov losses become negligible 
and we find for U 
U= Ne
2k [ 1 ( 1 +2ln b )-2(β2-1/ε)ln(1+ d )] 4πε0 
γ
2 2 a a 
in agreement with the expression given in ref. [2] when the logarithm is 
replaced by the first term of its power series. However, when the metal 
outside the ceramic has finite conductivity, a term β
2
δ0 
a + d 
has to be sub­
tracted in the brackets (where δ0 is the skin depth of the metal at the 
oscillation frequency). Compensation of the negative mass instability 
corresponds to makiig U=0, which is usually achieved by the skin 
effect term alone if γ is large enough to reduce the first term in brac­
kets. The dielectric layer then makes U only more negative. 
4. Dielectric Resonances 
If we investigate the behaviour of U and V at higher frequencies 
we first find a linear rise, foilowed by a sudden increase of several 
orders of magnitude when the thickness of the ceramic is approximately 
1/4 of the wavelength in the material (Fig. 2). The resonances are 
repeated with slowly decreasing peaks whenever the mode number ful­
fills the condition 
cot (n d √ε-1)= nb√ε-1 
R 2R ε 
The height of the peaks is at first limited by the losses in the outer 
metal, and is given approximately by 
V m a x = 2 Z m a x = ( 
Ne2 )( 16R3 )1 4πε0 β2a3δ0n=1 √n(n2+ 4R2ε2 
) a2 
The exact shape of the resonance lines has been found by computer 
and is shown in Fig. 3. 
5. Effect of Metaliization 
In the long wavelength limit we can derive the general expression 
U-iV= Ne






4πε0 γ2 2 a 1 




which tends toward the expression for a pure ceramic when d 0, and 
22-965 
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toward the expression for a metal wall when d>>δ0. In the intermediate 
region ( 2δ0 <d<δ0) 2a both U and V have maxima as a function of me­
tal thickness. The resonant behaviour is again apparent, but is much 
weaker. This allows us to present the dispersion relation coefficients in 
the form of a graph U/n versus V/n, with metal thickness as parameter 
(Fig. 4), in which diagram the stablity limits of a particular beam can 
be drawn directly. 
6. Transverse Oscillations 
Since the rotational symmetry is no longer present, we now need 
all field components to compute the dispersion-relation coefficients. The 
calculation is therefore much more involved, but follows the same lines 
as for the longitudinal case. Again a general algorithm has been deve­
loped [5], which solves the problem for an arbitrary number of coaxial 
layers. Also we find simple expressions valid in the long wevelength 
imit. A ceramic wall extending to infinity yelds 
U= Ncr0 
( 
b2 ε-1 - 1 







2 tan δ 
πa2Qβγ a2 (ε+1)2 
For a metallized ceramic wall, we now find that U and V have two 









normal magnetic fields penetrate. The first thickness is usually much 
smaller than anything that can be made in practice (d1 10-10 cm), 
while the second peak falls somewhat below skin depth (d2 10-2 cm) 
and may cause a dangerous decrease of stability at the lowest mode 
numbers. 
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Fig. 1. Schematic cross-section of a cylindrical beam in a coaxial, multi-layered va­
cuum chabe 
Fig. 2. Variation of the longitudinal dispersion relation coefficients U and V with 
mode number n (or frequency ω=nΩ) in a ceramic chamber inside a metal fo finite 
conductivity (a=1cm, b=3 cm, d=1 cm, γ=25. Ν =4.1014. Ω=2.106 sec-1, ε=55, 
tan =10-4, σ=1.1×106 Sm/m), Double logarithmic scales!. 
Fig. 3. Detail of first resonance shown in Fig. 2, linear scale. 
Fig. 4.Diagram of U/n versus V/n for a beam with Ν=1012 particles in a metallize 
ceramic chamber inside a perfect conductor. Parameters are the mode numbers and 
the metallization thickness dM. The stability limit for a typical ISR, beam is shown. 
Fig. 5. Transverse dispersion relation coefficients for a beam in a metallized ceraml 
chamber, as a function of metallization thickness for the lowest transverse model 
the ISR (n=9, skin depth δ0=1.4 mm). Logarithmic linear scale. 
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